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RESEARCH -MEMORANDUM

A TRANSONIC WIND-TUNNEL INVESTIGATIOR OF THE LORGITUDINAL
STABILITY ANRD CONTROL CHARACTERISTICS OF A 0.09-SCALE
MODEL OF THE EBELL X-5 RESEARCH AIRPLANE
AND COMPARISON WITH FLIGHT

By Ralph P. Blelat and George S. Campbell
SUMMARY

An investigation was conducted in the Langley B8-foot transonic
tunnel to determine the longitudinal stability and control charscter-
istics of & 0.09-scale model of the Bell X-5 research airplane. The
tests were made with the wing swept back 60° only. Lift, drag, piltching-
moment, elevator hinge-moment, and pressure-distribution results are
presented for Mach numbers varying from 0.60 to 1.]10 and Reynolds num-
bers, based on the wing mean aerodynamic chord, varying from 2.86 X 10
to 3.56 X 106. The wind-tunnel results and dynamic-response calculations
based on wind-tunnel data are compered with £1light data.

The most significant results obtained in the present Investigation
concern the reduction in static longitudinal] stability for the complete
model configuration at 1ift coefficients in the vicinity of 0.5 for all
teset Mach numbers. Although the pitching-moment nonlinearities appeared
to be rather moderate in comparison with instabilities showvn for other
swept-wlng configursations, they were shown by dynamlic-response calcula-
tions tc be sufficlently severe to cause an undesirable pitch-up.

The lerge increase in zero-lift drag at transonic Mach mumbers may
be attributed to the rapld rates of dewvelopment of cross-sectlional area
for the confilguration and to the large mesximim area assoclated with the
relatively low equivalent fineness ratio.

A comparison of the wind-tunnel results with flight data indicated
good agreement of 1ift, drag, and elevator deflection required for trim.
Dynemic-response calculetions based on wind-tunnel data predicted a
pitch~up motion of the alrplsne thet was in good agreement with £light
results.

o>
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INTRODUCTION

The Bell X-5 1s a research alrplane whose angle of wing sweep may
be varied in flight from approximately 20° to 60°. The airplane is
used to obtain aerodynamic data in flight at transonic speeds on the
effects of variable sweep.

The flight acceptance tests of the Bell X-5 research airplane indi-
cated a pitch-up instability at 1ift coefficients of about 0.60 for all
wing sweep angles and flight speeds. It was decided that the first of
the detailed flight tests undertaken by the NACA would be made with the
wlngs swept back 60°. In order to 1solate the static characteristics
of the airplane from the dynemic characteristics and to obtain more
detalled aerodynamic information than could be obtalned in flight a
0.09-scale model of the Bell X-5 with the wings swept back 60° was
tested in the Langley 8-foot transonlic tunnel.

The results reported hereln consist of 1ift, drag, pitching-moment,
and elevator hinge-moment measurements for a Mech number range of 0.60
to 1.10. Total-pressure and gtatic-pressure measurements were taken at
the exit of the jet-engine duct to determine mass flow, inlet-velocity
ratio, and internal drag coefflcient. B8Static-pressure measurements
over the nose inlet and the canopy were also taken. The static wind-
tunne] data have been used to calculate the dynamic-response behavior
of the alrplane. Wherever possible, the wind-tunnel data have been
compared with flight results presented in references 1 to 3.

SYMBOLS

The results of the investligation are presented in terms of standard
NACA coefficients and are referred to the wind axes.

. area

b wing span

c mean aerodynamic chord of wing
Cp drag coefficient, D/q S

Cp internal dreg coefficient of duct based on wing aresa
I
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Ch elevator hinge-moment ecefficient, H/2q Me

Chy, rate of change of elevator hinge-moment coefficient with angle
of attack, oCp/d

Ch5 rate of change of elevator hinge-moment coefficlent with
elevator deflection, JCp/%%

CL 1ift coefficient, L/q.S

CL,, lift-curve slope, dCy/da

OEA airplane normal-force coefficient

Cm pltching-moment cocefficient, Mcg/QNSE

Cmq damping derivative resulting from steady pitching veloclty,

e

20a o7

Cm& damping derlvetive resulting from rate of change of angie of

c

attack, acm/égv

Cmit stabilizer effectiveness parameter, Cp/olt

Crrg; elevator effectiveness perameter, Cm/B

D drag

£ acceleration due to gravity

H elevator hinge moment

hp pressure altitude

ig stabilizer incidence referred to center line of thrust, posi-

tive when tralling edge is down

Iy moment of inertia about airplane pitch axis through center of
gravity; 8860 slug-ft2

L 1ift



lift-drag ratio

tall lengfh
ailrplene mass
mass-flow rate, pPpAV

Ma.ch number

NACA RM L53H18

pltching moment of aerodynamic forces about lateral axis which
passes through center-of-gravity location at 0.464T at point
1.706 inches above center line of thrust, model scale

area moment of elevator about its hinge line

normel load factor

pressure coefficlent, o

local statlc pressure
free-gtream static pressure
elrplane pitching velocity
free-gtream dynamlc pressure,
Reynolds number based on ©C
wing area

time

dimensionless velocity, V/V;

velocity

airplane welght, 9,000 1b

dimensionless weight parameter (level flight

& /ovy

P - Px

1ift coefficient),
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a angle of attack referred to center line of thrust

Gy Qe differentiation of angle of attack with respect to time

€ effective downwash angle

5 elevator deflection measured in plane perpendiculasr to hinge
line, positive when trailing edge is down

v dyndmic response parameter, leQSE/EIy

p air density

T airplane time factor, m/pSVy

Subscripts:

1 designates an initial wvalue

o] designates the curve defining statlic variation of the coeffi-

clents Cp, Cy, and Cp with o vwhen the controls are
fixed in their initlal posltions itl and Bj;

L free stream

i noge-inlet entrance

APPARATUS AND MODEL

Tunnel

The investigation was conducted in the Langley 8-foot transonic
tunnel which has a dodecagonal cross sectlon and is a slotted-throat,
single-return type of wind tunnel. The use of longitudinal slots along
the test sectlon permitted the testing of the model at speeds contin-
uously variable through the speed of sound without the usual choking
effects found in the conventional closed-throat type of wind tunnel.

A more complete description of the Langley 8-foot transonic tunnel can
be found in reference k.

Model

The model employed for the present investigation was s 0.0G-scale
model of the Bell X-5 research airplane. The model was constructed of
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steel and was supplled to the NACA by the Bell Aircraft Corporation.
The X-5 alrplane is a research airplane whose wing angle of sweep is
variable in flight from 20° to 60°. There was also longitudinal trans-
lation of the wing with respect tc the fuselage as the angle of sweep
varied.

Three-view drawings and physical characteristics of the model are
presented in figure 1. It was necessary tc modify the model at the rear
end of the fuselsge since the model was supported in the tunnel by means
of a sting-support system. The horizontal and vertical tail surfaces on
the model, therefore, correspond to a slightly different configuration
than exists for the full-scale airplane. A comparison of the modified
fuselage and empennage with the full-scale alrplane is made in figure 1.
A photograph of the model on the sting support is shown in figure 2.

Control deflections were accomplished by providing several control
surfaces with fixed angles of deflection. The control surfaces were of
the plaein-flap, unsemsled type. All control surfaces were restrained by
beams incorporating electrical strain gages.

The jet-engine ducting was similated on the model by the use of a
straight-through, constant-area duct extending from the nose to the Jet
exit.

The model was attached to the sting support through a silx-component
internal electrical strein-gage balance. The angle of attack of the
model was varied by plvoting the sting support about an axis approxi-
mately 66 inches downstream of the center-of-gravity location on the
model. In order to keep the model position reasonably close to the
tunnel axis when the model angle of attack was varied from 12° to 28°,

a 20° coupling was inserted upstream of the pivot point. The angle-of-
attack mechanism was remotely controlled which permitted angle-of-attack
changes while the tunnel was operating.

A pendulum-type inclinometer, calibrated agslinst angle of attack

of the model, and located within the fuselage of the model permitted
the angle of attack to be set within #0.1° at all test Mach numbers.

TESTS

The Reynclds number based on the mean aerodynamic chord of the wing
and averaged for seversl runs 1s shown In figure 3> as a functlon of test
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Mach number. The Reynolds number varied from 2.86 X 106 to 3.56 X 106
for the present lnvestigatlon.

Measurements

Lift, drag, and pitching moment were determined by means of an
electrical straln-gage balance located inside the fuselage. The measure-
ments were taken for angles of attack from -2° to 28° at Mach numbers
varying from 0.60 to 0.93 and from -2° to the highest angle permissible
as determined by the design pitching-moment 1imit of the balance for
Mach numbers of 0.96 to 1.10. Elevator hinge moments were determined
by means of electrical straln gages. The measurements were obtalned
for elevator deflections verying from 2° to -14° for the same range of
angles of attack and Mach mimbers as for the 1ift, dreg, end pitching-
moment meassurements. Total-pressure and statlc-pressure measurements
were taken at the exit of the jet-engine duct to determine the mass
flow, inlet-veloclty ratio, and internal drag coefficient. TIn addi-
tion, static-pressure measurements were made over the nose inlet and
canogy. These measurements were taken for angles of attack from -2°
to 8% at Mach numbers varying from 0.60 to 1.12.

No attempt was made to control the flow quantity through the Jet-
engine duct during the present investigation.

The data presented herein were obtained on the model with the wing
swept back 60°.

Correctlons and Accuracy

No corrections to the free-stream Mach number and dynemic pressure
for the effects of model and wake bloclkage and to the drag coefficlent
for the effect of the pressure gradlent caused by the wake are necessary
for tests in the slotted test section of the Langley 8-foot transonic
tunnel (ref. 5). There is a range of Mach numbers above a Mach rumber
of 1.00, however, where the data are affected by reflected compressions
and expansions from the test-section boundary. Based on the results of
reference 6, 1t is believed that for Mach numbers up to approximately
1.035 the effects of these disturbances on the measurements made In the
present investigation may be considered to be negligible. For test Mech
nurbers above 1.03, however, the data were influenced by the boundary-
reflected disturbances, but the extent to which the data were affected
by the reflected disturbances ls not known for these tests. In the
plots of drag coefficlent against Mach nmumber, however, there is shown
by dashed lines above a Mach number of 1.0% an estimated variation of
drag coefficient which is belleved to be typlical of the correct varia-
tion based on the studies of reference 7.
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The drag data have been corrected for base pressure such that the
drag corresponds to conditions where the base pressure 1s equal to the
free-stream static pressure.

Static calibration tests were made of the elevator to permit cor-
rection for elevator deflection under load; these corrections, although
found to be small, have been applied to the hinge-moment data.

No corrections for the forces and moments produced by the sting
interference have been applied to the data. As indicated in reference 8
the significant corrections would be limited to small increments in
pitching moment and drag and to the effective downwash angle.

The estimated consistency of the data at a Mach number of 0.60,
based on the static calibrations and the reproducibility of the data,
is as follows:

CL + » « o &+ o o o o + s s « o o o o s s s« o s s s s s s s s« 3.0l
B « + e e e e e e e e et e e e e e e e e e eaeee ... $0.001

These errors would be inversely proportional to the dynamic pressure
and therefore would be lower at the higher Mach numbers.

RESULTS AND DISCUSSION

This portion of the paper has been arranged into several sections
for presenting the results of the present investigation: 1ift and drag
characteristics; static longitudingl stability and control characteris-
tics; alrplane time historles calculated from the static wind-tunnel
data; elevator hinge-moment characteristics; mass-flow characteristics
and limited pressure distributions. Whenever possible, the wind-tunnel
results have been compared with available flight data.

Lift and Drag Characteristics

The effects of stablillizer incidence and of elewator deflection on
the serodynamic charscteristics of the model are given in figures 4, 5,
and 6. Nonlinearities in the 1ift characteristics below the stall were
indicated throughout the Mach number range but became less marked for
Mach numbers above 0.96. For Mach mumbers of 0.60 to 0.85, the varia-
tion of 1ift coefficlent with angle of attack showed well-defined stall
characteristics, but as the Mach number was increased to higher wvalues,
the stall became less pronounced. The data also Indicated that maximum
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1ift had not heen reached at the higher Mach numbers even though the
data were obtained for angles of attack near 20° to 28°.

The variation of lift-curve slope with Mach mumber for the complete
model is given In figure 7. The values of the lift-curve slope were
averaged over the lift-coefficient range from O to 0.30. The 1ift-
curve slope had a velue of 0.045 at a Mach number of 0.60 and increased
to a maximm value of 0.057 at a Mach number of 1.06.

Comparisons of flight data and wind-~tunnel data on the varlation
of normal-force coefficlent with angle of attack for several Mach num-
bers are made in figure 8. Two types of flight maneuvers were performed
to obtalin the data; one maneuver consisted of elevator deflections in
accelerated turns and the second maneuver conslsted of stabilizer pull-
ups. The wind-tunnel dats were selected for elevator deflectlions and
stablilizer deflectlons corresponding to the control-positions recorded
in flight. In general, 1t can be seen that the agreement between the
wind-tunnel data and the flight data is good for Mach numbers up to
approximately 0.85. At Mach numbers 0.90 to 0.96 the agreement for the
low angle-of-attack range (4° to 12°) is good; however, the normal-force
coefficlent measured in the wind tunnel at high angles of attack con-
tinues to lncrease with 1ncreese in angle of attack, whereas it has
appeared that maximum normal-force coefficlent has been reached in
flight. Although the reasons for this disparity In the data are not
obvious, it is bellieved that the differences could be due in part to
the effects of Reynolds mumber on maximum 1ift.

The effect of compressibility on the drag at zero 11ft is shown in

figure 9. The drag rise (?efined as the value where g;g = 0.1) occurred

at a Mach number of 0.91. The rate of drag increase with Mach number
and the drag-rise increment were large and unlike that which would be
expected for a 60° sweptback wing (eee, for example, ref. 9). The
large drag-rise increment 1s believed to be due to the shape of the
fuselage. As discussed In reference 10, the drag-rise increment near
the speed of sound of wilng-body combinations can be related to the
axial development of the cross-sectlonal area normal to the alrstream.
It was also shown that variations of conflgurations which resulted 1n
less rapld rates of development of cross-secticnal area, as well as
reductions of the relative magnitude of the maximm areas (increases

in effective fineness ratio), decreased the drag-rise lncrements near
the speed of sound. The axial distribution of the cross-sectional area
for the fuselsge and canopy and for the wing 1s presented in figure 10.
The cross-sectional area of the configuration was reduced by subtracting
the equivalent free-stream tube area of the internal flow measured at a
Mech number of 1.00. The contribution of the cross-sectional asrea of
the wing 18 small when compared with that of the fuselage; however, 1t
can be seen from Ffigures 1 and 10 that the fuselage shape corresponds
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to an area dlagram which has large slopes fore and aft. The equivalent
fineness ratio of the area dlagram is 5.8 with the maximum area occurring
at approximately 40 percent of the fuselage length. The low equivalent
fineness ratio of the configuration (compared with an optimum body of
revolution of fineness ratic 9.0) could thus account for the large drag-
rige increment shown in figure 9.

Comparisons of the drag coefficients measured in flight with the
wind-tunnel drag measurements are made in figure 11. The wind-tunnel
drag data were selected for elevator and stabllizer deflections corre-
sponding to the control-positions used in flight. In general, in the
range of Mach numbers 0.75 to 0.93 the agreement was good between the
drag coefficlents measured in flight and in the wind tunnel for most of
the 1lift-coefficient range shown. At Mach numbers 0.60 and 0.96, and
11ft coefficients to 0.40, however, considerable discrepancy exists
between the measured flight drag and wind-tunnel drag which could be due
?artial§y to the difficultlies encountered in measuring drag in flight

ref. 1).

The drag measurements near a 1ift coefficient of 0.20 at Mach num-
bers 1.00 and 1.03 shown in figure 11 were obtained in flight by diving
the airplsne in shallow dives. The flight results at a 11ft coefficient
of 0.2 are compared with the wind-tunnel data through the Mach mumber
range in figure 12. Again 1t can be seen that the sgreement of the data
is qulte good. The measured flight drag and wind-tunnel drag indicated
approximately the same drag-rise Mach number and same drag-rise increment
near the speed of sound. The estimated variation of drag coefficient
with Mach number for the wind-tunnel data as shown by the small dashed
curve and dlscussed previously shows an even better agreement of the
drags for the flight and wind-tumnel data.

The data of figures 4 and 6 were used to calculate the trimmed
lift-to-drag ratios of the model at varicus Mach numbers and these
results are presented in figure 13 as a function of 1ift coefficient.
It can be seen that the 1ift coefficient for meximum L/D increased
from a velue of 0.20 at a Mach number of 0.60 to approximately 0.45 at
a Mach number of 1.10. It can also be noted that the availsble maxi-
mum L/D dropped abruptly above a Mach nmumber of 0.95. The variatiocn
with Mach number of the trimmed (L/D),,, 18 shown in figure 14. The

values of trimmed lift-drag ratlo for level flight st sea level and an
altitude of 35,000 feet for a wing loading of 48.5 pounds per square
foot are slso shown in figure 14. The advantages to be gained by proper
selection of flight altitude are clearly indicated.

Longitudinal Stability and Control Characteristics

Static longitudinal stability.- The effects of stabilizer 1incidence
and of elevator deflection on the pitching-moment characteristics of tY
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model are presented in figures 4 and 6, respectively. For the stabilizer-
incidence tests, the pltching-moment coefflcients have been plotted
agalnst angle of attack (fig. 5) as well as agalnst 1ift coefficient in
order to facilitate the interpretation of the nonlinear characteristics
of the curves. The wing-fuselage configuration (fig. &) showed marked
pitch-up characteristics at 1ift coefficients sbove 0.4 for Mach mumbers
up to 0.96 and no pitch-up was indicated at Mach numbers 1.00 to 1.10.
The addition of the tall to the model reduced the magnitude of the
pitch-up at the lower Mach numbers such that the model was about neu-
trally stable at 11ft coefficients of the order of 0.6 to 0.8 for Mach
numbers up to 0.85. With an increase in Mach number to spproximately
1.03, however, the model exhibited an sbrupt pitch-up instablliity over

a smaller lift-coefficlent range. In the range of high angles of attack
(see fig. 5), the model regalined its stebility at all speeds because of
a decrease of downwash at the tail.

The variation with Mach number of the elevator deflectlon required
for trim for idle-power conditions for the model is shown in filgure 15(a).
The elevator deflectlons regquired for trim were estimsted from the wind-
tunnel data for assumed conditions of level flight at an altitude of
42,000 feet. Control-position instabllity is indicated for Mach num-
bers 0.96 to 1.02. The control-position instability is due primarily
to the changes In the cut-of-trim pitchling-moment coefficients as shown
in figure 16 and to a lesser extent to the changes in the control~
effectiveness parameter Cmy presented In figure 17. The changes in

trim, however, do not appear to be particularly severe through the
transonic speed range.

A comparison of the wind-tunnel data with f£flight data on the elevator
deflection required for trim 1s also made in figure 15(a). The variation
with Mach number of the elevator deflection required for trim measured in
flight, however, was cbtained at 100-percent power conditions. A few
flight tests have been made to determine the effects of power on the
elevetor deflection required for trim and these effects sre shown in
figure 15(b). Both the wind-tunnel data and the flight data showed
controé—position instability to occur at approximately a Mach number
of 0.96.

Control effectiveness.- The effects of compressibllity on the
control-effectiveness parameters CmB and Cmit are shown in figure 17.

The values of the parameters were averaged over s lift-coefficlient range
from O to 0.3. The stabllizer-effectiveness parameter Cmit Increased

through the transonic speed range whereas the elevator-control-
effectiveness parameter Cmb indicated a 33-percent decrease In the

transonic speed range. Although there was a decrease In the elevator
control effectiveness, the control still appears to be adequate since,
as indicated in figure 6, the elevator can produce changes in trim to
a 1ift coefficlent of 0.33. -



1z SN . NACA RM L53H18

Control maneuvering effectiveness.-~ The control maneuvering effec- -
tiveness of the elevator is shown in figure 18 as the amount of elevator
deflection required to trim for verlous sccelerated-flight conditions
at sea level and an altitude of 35,000 feet. The additional elevator
deflection required to offset the damping in pitch &s calculated by the
method given 1in reference 11 is included in the results glven in fig-~
ure 18. The control maneuvering effectiveness showed a gradual increase
as the speed was increased up to a Mach number of 0.93 followed by a
rapid decrease through the transonic speed range. There was no indica-
tion of control maneuvering instability at sea level inasmuch as the
1ift coefficients corresponding to the accelerated-flight conditions
examined were below the pltch-up instability. At an altitude of
35,000 feet, however, control maneuvering instability was indicated.

As an example, control maneuvering instability occurred between the 2g
to hg accelerated-flight conditions for Mach numbers between 0.94 and
1.01. For sea-level flight conditions, only about 20 of elevator deflec-
tion 1s required to produce a kg acceleration at & Mach mumber of 0.95.
Approximately 11° of elevator deflection is required to produce a
similar acceleration at a Mach number of 0.95 at an altitude of

35,000 feet.

Effective downwash characteristics.- The varlation of effective
downwash angle with angle of attack is shown in figure 19. The effec-~
tive downwash angle at & given angle of attack was determined by finding
the model stabllizer incidence at which the pitching-moment coefficient
of the complete mocdel configuration was equal to that of the complete
model configuration less the horizontal tail (see fig. 5). The sum of -
the model angle of attack and the stabilizer inclidence thus found gave
the effective downwash angle in the reglon of the horizontal tail. The
effect of the horizontal-tail drag on the pitching moment was neglected. -
Since only three stabllizer-incidence settings were used, some of the
data at the low and at the high angles of attack given in filgure 19
were extrapolated. The decrease in the effective downwash angle at ¢
high angles of attack was responsible for the large increase in the
longitudinal stability of the model as was previously discussed.

Figure 20 presents the effect of Mach number on the rate of change
of effective downwash angle with angle of attack averaged for angles of
attack from -2° to 6°. No large changes in the downwash derivative Je/du
were indicated through the transonic speed range.

Dynamic-Response Calculations
The static pitching-moment nonlinearities in the present paper are .
relatively mild when compared with some of the instsbilities presented

in references 12 and 13 for various complete-model configurations. From
such a casual inspection of the statlc pitching moments, 1t might be -
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expected that pitch-up would not be particularly severe for the X-5 air-
plane. However, the alrplane was found to have marked pitch-up during
recent flight tests (ref. 3). Dynamic response calculations were there-
fore made In order to determine the true significence of the pitching-
moment nonlinearities.

The equations used for calculating alrplane time histories have
been derived from Newton's laws of motion in reference 1. The basic
approach in the derivation was first to neglect changes in Mach num-
ber during a maneuver so that angle of attack and pitching velocity
could be calculated from simple two-degree-of-freedom considerations.
Then, the Mach number variation with time was calculated by taking into
account the third degree of freedom describing the longlitudinal motion
of the airplane. The equatlons used for the calculations were

Croe
&+ -é]:_r‘(cl'(l« - M)&, - W, = vEmit(it -~ 11_-,1) + Cn:5(5 - Blﬂ (1)

2K, 2
¢1=§1';(0L0-W'>+¢ (2)
u = 1t (3)
1+ -l-f Cp. dt
2T 0 o
- (Cp, coe a + Cp sin a)u? ()

wl

where radian measure has been used throughout. The damping deriva-
tives qu and Cma. were estimated from the static wind-tunnel data

using the relations
ly
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. = lt %
Cmm 2 = Cmit . e (51")

Because the aerodynamic parameters in equation (1) had nonlinear varia-
tions with angle of attack for the X-5 airplane, numerical results were
obtalned by using the Runge-Kutta procedure described in reference 15.

Results of the dynamic-response calculations are presented in fig-
ures 21 aend 22 and campared with flight results taken from reference 3.
The character of the pltch-up is shown most clearly by the stabllizer
maneuvers of figure 21, in which a linesr varlation of control position
results 1n a decidedly nonlinear angle-of-sttack response. In analyzing
the character of the pitch-up, attention can be focused largely on angle
of attack because the changes in normal losd factor during a pitch-up
are frequently softened as a result of a decrease Iin lift-curve slope
at the higher angles of attack and & loss 1n speed during the maneuver
(see fig. 21(c), for example). No matter how graduasl the veriation of
normal load, however, an uncontrolled pitch-up to high angles of attack
is slwsys objectionable, particularly when accompanied by lateral and
directional difficulties, as described in reference 3.

Based on the time histories, the polnt at which pitch-up commences
is seen to be near 12° for Mach mmbers between 0.76 and 0.91. A
similar conclusion results from an inspection of the static pitching-
moment data. While a cursory 1nspection of the static pltching moments
indicated that the nonlinearities were relatively moderate in comparison
with those for several other conflgurations, the dynamic calculations
show that these nonlinearities were sufficlent to cause a severe
pltch-up. More explicitly, the meximum rate of change of angle of
attack was about four times greater after the start of pitch-up than
in the controlled part of the motion for a constant rate of stablliger
input.

In comparing the calculated time histories with flight results, it
is seen that the peak angles of attack during the maneuvers were in all
cases predicted within 2° or less. The poorer agreement between calcu-
lated and flight results shown for the elevator turns may be caused by
the neglecting of cross coupling of lateral and longitudinal motions in
the simplified equations of motion. However, a time displacement such
as that shown in figure 22(b) 1s not considered important because the
maximum values of o, n, and q were predicted satisfactorlly.

Elevator Hinge-Moment Characteristics

The veriation of hinge-moment coefficlent with elevator deflection
1s presented in figure 23. Figures 24 and 25 show hinge-moment-coefficient
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variation with angle of attack and hinge-moment-coefflcient variastion
with Mach number for 0° angle of attack, respectively.

Yo large changes in the elevaetor hinge-moment coefficients occurred
for small elevator deflections up to a Mach number of 1.03. (See fig. 25.)
Marked changes In the hinge-moment characteristics occurred for all ele-
vator deflections for Mach numbers greater than 1.03; the reasons for
these changes are not clearly understood. Schlieren photographs (not
presented herein) taken during the tests indicated no disturbsnces in
the flow in the regilon of the elevator; however, a detached bow wave
located ahead of the taill was visible at Mach mumbers 1.06 and 1.10.

The variation of the hinge-moment parameters (qu_)a =0° and

(%)chOo with Mach number is shown in figure 26. These slopes are

the average values for es of attack from -2° to 2° and elevator
deflections from O° to -5. In general, the hinge-moment parameters
indicated 1little variation below a Mach number of 0.88. In the range
of Mach mumbers from 0.93 to 1.07 the hinge-moment parameter Chu,
showed a gradual change from negative to positive wvalues. A large
increase in the negative value of the hinge-moment parsmeter Chﬁ was

noted st Mach mumbers sbove 0.88.

Mass-Flow Charascteristics and Pressure Distributions

The results of the mass-flow messurements for the jet-englne duct
are presented In figures 27 to 29. The varilation of mass-flow ratio
with Mach number for 0° angle of attack for the jet-engine duct is
shown in figure 27. The mass-flow ratio increased from a value of 0.86
at a Mach number of 0.60 to 0.88 at s Mach nmumber of 1.12. In compari-
son, mass-flow ratios of the order of 0.90 tc 0.85 were measured in
flight for Mech numbers 0.80 to 0.96.

The variation of inlet-velocity ratioc with Mech number for 0° angle
of attack is given in figure 28. The inlet-veloclty ratio decreased
from a value of 0.80 to 0.62 as the Mach number increased from 0.60
to 1l.12.

The variation of the intermal drag coefficient based on wing area
with angle of attack presented in figure 29 Indicates that CDI was

invariant with angle of attack. It will be noted that the internal
drag of the Jet-engine duct was small and therefore would have a small
effect on the total drag values presented herein. It will also be
noted that the effects of compressibility on the internsal drag coeffi-
cient are negligible.
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The surface pressure distributions measured over the nose and
canopy of the model for angles of attack of 0°, 4°, and 8%, and for
Mach numbers of 0.60, 0.90, 1.00, and 1.10 are presented in figure 30.
There was no pronounced peak pressure development over the lip of the
upper surface of the nose inlet for the angle of attack and Mach number
range shown. This was probably due in part to the large nose radius of
the upper surface of the nose inlet and in part to the high inlet-
velocity ratio. It should also be noted that the measured pressures on
the external and internal surfaces over the upper surface of the nose
inlet remalined positive for the range of angles and Mach numbers pre-
sented. On the other hand, the development of large peak negative
pressures on the external surface of the side and lower surface of the
nose Inlet were indicated. In some Instances, the maximum peak nega-
tive pressures developed are not shown because the magnitude of the
pressures were such as to cause the fluid in the manometer board to
exceed the height of the column.

The pressures measured over the canopy (fig. 30) indicated a rather
abrupt pressure gradient in a region 5.5 to 6.0 inches from the model
noge. For Mach numbers 0.90 to 1.10, supercritical velcocities existed
over an extensive region on the canopy for the angle-of-attack range
presented.

CONCLUSIONS

Arn investigation was made in the Langley 8-foot transonic tunnel
of the longitudinal stsbllity and contrcl characteristics of a 0.09-scale
model of the Bell X-5 research airplane. Tests were made for the model
with the wing swept back 60° only. The following conclusions are
indicated:

1. One of the most significant results obtained in the present
investigation concerns the reduction in static longitudinal stability
for the complete model configuration at 1ift coefficlents in the vicin-
ity of 0.5 for all test Mach numbers. Although the pltchling-moment
nonlinearities appear to be rather moderate in comparison with insta-
bilitles shown for other swept-wing configurations, they were shown by
dynamic-response calculations toc be sufficiently severe to cause an
undesirable pitch-up.

2. The elevator deflections required for trimmed level flight indi-
cated control-position instability at transonic Mach numbers although
the trim changes were not too severe.
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3. The control maneuvering effectiveness of the elevetor showed a
gradual Iincrease as the speed increassed up to & Mach number of 0.93
followed by a rapld decrease through the transonic speed range.

L. The value of trimmed meximum lift-drag ratio fell off abruptly
at transonic Mach numbers, decreasing from/? 2 at M=0.90 to 3. 5
st M= 1.05.

li

5. The large increase in zero-11ft d.ra.g at transonic Mach numbers
mey be attributed to the rapid rates of development of cross-sectlonal
area for the configuration and to the large maximum area assoclated
wilth the relatively low equivalent fi_tieness ratio of the configuration.

6. In the range of Mach numbers firom 0.93 tco 1.07 the hinge-moment
parameter Chm showed a gradual cha.nZe from negative to positive values

end a large increase in the negative value of the hinge-moment persm-
eter Cpy wes noted at Mach numbers above 0.88.

7. The wind-tunnel resultse have been compared with flight data
wherever possible. The comperisons of 1ift, drag, and elevator deflec-
tion required for trim were in good sgreement. Dynsmic-response calcula-
tlone based on wind-tunnel data predicted a pitch-up motlon of the alr-
plane that was 1n good agreement with £light results.

Langley Aeronautical Leboratory,
Netional Advisory Committee for Aeromsutics,

Langley Fleld, Va., August 14, 1953.
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Figure 2.- Test model on sting support.
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